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Since the original suggestion that C60 might have the structure
of a truncated icosahedron [1], a ﬂurry of experimental and theo-
retical studies have appeared, exploring the possible validity of this
proposal. For many, the experimental evidence for such spheroidal
carbon shell structures was compelling, while for others the evi-
dence still fell short of being convincing.
A clear proof should have involved high-resolution IR or UV or
NMR spectroscopy. However, it took a while until Krätchmer, Huff-
man and co-workers (1989) presented the synthesis scheme of C60
[2], making it possible to perform the conclusive NMR experiment
[3]. One spectral ﬁnding reported from the Smalley laboratory – a
narrow absorption feature near 3860A for van der Waals com-
plexes of C60 in a supersonic beam – was not convincing enough.
The ﬁrst compelling spectroscopic evidence was provided by the
ultraviolet photoelectron spectroscopy (UPS) of the mass-selected
negative cluster ions as described here. These UPS data provided
striking conﬁrmation of the electronic structure, consistent with
the theoretical predictions for icosahedral C60.
In the summer of 1986 I visited the Smalley laboratory, with the
agenda of developing a high sensitivity UPS spectrometer. It was
intended (combined with the laser evaporation source) to launch
a comprehensive project for the investigation of insulator-to-metal
transitions in metallic clusters, by extracting the band gap from the
UPS of mass selected negatively charged clusters. We were also
aiming to study the evolution of well-deﬁned band gaps in semi-
conductor clusters (e.g., Si, Ge). Eventually, we ‘reinvented’ a ver-
sion of the Kruit and Read magnetic bottle time-of-ﬂight
spectrometer, tailored to study high-velocity ion beams [4].
Naturally, the newly developed methodology was recruited to
explore the electronic structure of Fullerenes. Carbon clusters wereprepared by laser vaporization of a graphite disc in a pulsed super-
sonic nozzle. The negatively charged clusters were extracted, mass
selected, decelerated and allowed to drift through the pulsed laser
detachment region of the UPS spectrometer.
The resulting UPS pattern is characteristic of a molecule having
a closed-shell electronic structure for the neutral species with a
large HOMO–LUMO gap. For such a molecule the extra electron
forming the negative ion is unpaired, and occupies the LUMO,
while the next most deeply-bound electrons occupy what corre-
sponded to the HOMO of the neutral molecule. For a cluster of this
size, there will be many such electrons. The UPS pattern for the an-
ion of such a molecule will then be characterized by a small initial
feature followed by a gap (the HOMO–LUMO gap), followed by
much larger features. These UPS results were well in accordance
with the spheroidal carbon shell model. In the case of C60 the mea-
sured 2.6–2.8 eV electron afﬁnity and 1.5–2.0 eV HOMO–LUMO
gap was in excellent agreement with most theoretical predictions
for the truncated icosahedral structure – particularly the calcula-
tions of Rosen and co-workers.
This Letter turned to be an important step in establishing Fuller-
enes as a new form of carbon, and the magnetic bottle as a major
tool in the spectroscopic characterization of clusters.
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